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Description 


[0001] This invention relates to a method and appara- 
tus for reducing the effectiveness of a ballistic projectile 
on an object. 

[0002] In combat situations, it is desirable to protect 
vehicles, such as tanks, personnel carriers, or the like 
from armor-piercing projectiles as well as from small 
arms fire. Accordingly, these types of vehicles are known 
to have armor to reduce the likelihood that such rounds 
will penetrate the vehicle. Ifthe rounds penetrate the ve- 
hicle, the occupants of the vehicle may be injured or the 
vehicle’s ability to operate may be impaired. It may also 
be desirable for the armor to be able to survive multiple 
rounds striking the armor in close proximity to one an- 
other, so that the integrity of the vehicle is not compro- 
mised. 

[0003] While protecting the vehicle and its occupants 
is generally ofprimary importance, otherfactors may play 
a role in the design of armor for the vehicle. It is typically 
desirable for the vehicle to be as lightweight as possible. 
Generally, fuel consumption by the vehicle increases as 
its weight increases. A heavier vehicle usually requires 
a heavier drive train than a lighter vehicle, which further 
increases weight. Increased weight may also reduce the 
mobility of the vehicle and, thus, reduce the utility of the 
vehicle in combat. As the weight of the vehicle's armor 
contributes to the overall weight of the vehicle, it is often 
desirable for the vehicle's armor to be as lightweight as 
possible. Many known armor systems, while protecting 
the vehicle from ballistic damage, add significant weight 
to the vehicle and provide little or no additional structural 
strength to the vehicle. 

[0004] Itis also generally not desirable for the vehicle's 
armor to greatly increase the overall size of the vehicle 
(e.g., the vehicle's height, width, length, volume, and the 
like). It may be desirable for existing transportation eguip- 
ment (e.g., trucks, trailers, aircraft, and the like) to be 
capable of transporting the vehicle. If the size of the ve- 
hicle is increased over previous vehicles, the existing 
transportation eguipment may not be capable of trans- 
porting the vehicle, or the existing transportation equip- 
ment may be limited to carrying fewer vehicles per load. 
The overall size of the vehicle may also be a factor in 
combat situations. Generally, smaller targets (i.e., small- 
er vehicles) are more difficult to hit with artillery, such as 
rockets, mortars, missiles, and the like. Thus, it may be 
desirable for the vehicle's overall size to be smaller, rath- 
er than larger, to reduce the likelihood of an artillery hit. 
[0005] It is also generally desirable that the vehicle’s 
armor be durable. During combat and during travel be- 
tween combat locations, the vehicle may encounter flying 
rocks, debris, shrapnel, and the like. If the armor is overly 
thin or brittle, it may not be capable of surviving impacts 
from such sources. 

[0006] Cost may also be a consideration in vehicle ar- 
mor. Armor that uses exotic materials (e.g., laminated 
ceramics of boron carbide, silicon carbide, and alumina; 
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fiberglass/epoxy laminates; fiberglass/phenolic lami- 
nates; and the like), or armor that has many components 
in difficult-to-produce configurations, may be quite effec- 
tive in combat but may be unaffordable. 

European patent application 0699887 describes a struc- 
ture which comprises a panel including an elastically de- 
formable laminate matrix which supports a plurality of 
rigid elements located in the front part of the panel. An- 
other similar structure is disclosed in US 4179979. 

The present invention is directed to overcoming, or at 
least reducing, the effects of one or more of the problems 
set forth above, and is defined by the appended claims. 
[0007] In one aspect of the present invention, an anti- 
ballistic armor is provided according to claim 16. The an- 
tiballistic armor includes a core having a first surface, a 
second surface, and defining a plurality of pockets ex- 
tending into the core. Further, the antiballistic armor in- 
cludes a plurality of projectile impeding elements, where- 
in one of the projectile impeding elements is disposed 
within each of the pockets of the core. Yet further, the 
antiballistic armor includes a first face sheet joined to the 
first surface of the core, and a second face sheet joined 
to the second surface of the core. 

[0008] In another aspect of the present invention, a 
method is presented according to claim 1. The method 
includes producing pockets in a core, attaching projectile 
impeding elements within the pockets in the core, joining 
a first face sheet onto the first surface of the core, and 
joining a second face sheet onto a second surface of the 
core. 

[0009] In yet another aspect of the present invention, 
an antiballistic armor is presented. The antiballistic armor 
includes a core having a first surface, a second surface, 
and a layer of projectile impeding elements dispersed 
therein. The antiballistic armor further includes a first face 
sheet joined to the first surface of the core and a second 
face sheet joined to the second surface of the core. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0010] The invention may be understood by reference 
to the following description taken in conjunction with the 
accompanying drawings, in which the leftmost significant 
digit(s) inthe reference numerals denote(s) the first figure 
in which the respective reference numerals appear, and 
in which: 


Figure 1 is a top view of an antiballistic armor ac- 
cording to one embodiment of the present invention; 


Figure 2 is a cross sectional view of the antiballistic 
armor of Figure 1 taken along the line II-II; 


Figure 3 is a cross sectional view of the antiballistic 
armor or Figure 1 taken along the line III-II; 


Figure 4 is a top view of a core for the antiballistic 
armor of the present invention from the same van- 
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tage point as the view in Figure 1; and 
Figure 5 is a side view of the core of Figure 4; 


Figures 6-9 are cross sectional views taken along 
the line II-II of Figure 1 at various stages during a 
method of manufacturing the antiballistic armor to 
illustrate a manufacturing method practiced in ac- 
cordance with one embodiment of the present inven- 
tion. 


[0011] While the invention is susceptible to various 
modifications and alternative forms, specific embodi- 
ments thereof have been shown by way of example in 
the drawings and are herein described in detail. It should 
be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention 
to the particular forms disclosed, but on the contrary, the 
intention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of the in- 
vention as defined by the appended claims. 


DETAILED DESCRIPTION OF SPECIFIC EMBODI- 
MENTS 


[0012] Illustrative embodiments of the invention are 
described below. In the interest of clarity, not all features 
of an actual implementation are described in this speci- 
fication. It will of course be appreciated that in the devel- 
opment of any such actual embodiment, numerous im- 
plementation-specific decisions must be made to 
achieve the developers’ specific goals, such as compli- 
ance with system-related and business-related con- 
straints, which will vary from one implementation to an- 
other. Moreover, it will be appreciated that such a devel- 
opment effort, even if complex and time-consuming, 
would be a routine undertaking for those of ordinary skill 
in the art having the benefit of this disclosure. 

[0013] Figures 1-3 illustrate an antiballistic armor 100 
according to the presentinvention. The antiballistic armor 
100 includes a core 202, shown in Figure 2 and in Figure 
3. The antiballistic armor 100 also includes a plurality of 
balls 204 (only one indicated in each of Figures 2 and 3) 
held in a plurality of respective pockets 104 (only one 
indicated in each figure) that extend into the core 202. In 
one embodiment, the balls 204 are held in the pockets 
104 by a layer 206 of a bonding material. An upper face 
sheet 106 is joined to a front surface 208 of the core 202 
via a layer 210 of a bonding material and a lower face 
sheet 212 is joined to a back surface 214 of the core 202 
by a layer 216 of a bonding material. The upper face 
sheet 106 and the lower face sheet 212 may be joined 
to the core 202 by any desired method, e.g., adhesive 
bonding, brazing, diffusion bonding, welding, or the like. 
[0014] The core 202 may be made from a foamed me- 
tallic material as desired, e.g., a foamed iron alloy, a 
foamed nickel or nickel alloy, a foamed aluminum or alu- 
minum alloy, a foamed titanium or titanium alloy, or the 
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like. The core 202 may be made of either an open-celled 
foamed metallic material or a closed-cell foamed metallic 
material. In one embodiment, the core 202 is made of a 
foamed metallic material having about four pores per lin- 
ear centimeter to about 16 pores per linear centimeter. 
In another embodiment, the core 202 is made of afoamed 
metallic material having a continuously connected, open- 
celled (reticulated) geometry and having a duodecahe- 
dronal cell shape, such as Duocel™ foam, manufactured 
by ERG Materials and Aerospace Corporation of Oak- 
land, California. In another embodiment, the core 202 is 
made of metallic foam, manufactured by Porvair Fuel Cell 
Technology of Hendersonville, North Carolina. Such 
foamed metallic materials are generally lightweight, have 
sufficient mechanical properties for certain structural ap- 
plications, and are generally reasonable in cost. 

[0015] In one embodiment, the pockets 104 are ar- 
ranged such that the pockets 104 extending into the core 
202 from the front surface 208 are staggered relative to 
the pockets 104 extending into the core 202 from the 
back surface 214. Thus, in this embodiment, the pockets 
104 extending into the core 202 from the front surface 
208 are not directly above the pockets 104 extending into 
the core 202 from the back surface 214. While the pock- 
ets 104 are shown to be of similar size and evenly spaced 
apart, they can be of any size and in any desired arrange- 
ment to accommodate any desired size and arrangement 
of the balls 204. Sizes and separations may be mixed 
and matched, if desired. Further, each of pockets 104 is 
shown to have a bottom portion 218 (only one indicated 
in each of Figures 2 and 3) that is rounded or radiused; 
however, it is within the scope of the present invention 
for the pockets 104 to have any desired shape. For ex- 
ample, one or more of the pockets 104 may have bottom 
portions 218 that are conical, square-bottomed, or the 
like. 

[0016] The balls 204 may be made of a high compres- 
sive strength, high hardness, low ductility material, e.g., 
silicon nitride, silicon carbide, boron nitride, aluminum 
oxide, or the like. In one embodiment, the balls 204 are 
commercial-grade silicon nitride balls, such as those 
made from Ceralloy®, manufactured by Ceradyne of Los 
Angeles, California. Generally, the balls 204 may be of 
any desired diameter; however, it is generally desirable 
forthe balls 204 to have diameters within a range of about 
six mm to about 25 mm. In one embodiment, the balls 
204 have a diameter of about 16 mm. The antiballistic 
armor 100 may include balls 204 that all have generally 
the same diameter or may include balls 204 that have 
different or varying diameters. While it may be convenient 
to incorporate balls 204 that are generally spherical into 
the antiballistic armor 100, the present invention encom- 
passes projectile impeding elements (e.g., the balls 204 
or the like) of any desired shape. 

[0017] As indicated above, the embodiment illustrated 
in Figures 1-3 includes the layers 206 of a bonding ma- 
terial that is used to hold the balls 204 in the pockets 104 
of the core 202. The bonding material may be an adhe- 
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sive (e.g., an epoxy-based adhesive, a silicone-based 
adhesive, or the like), a brazing material (e.g., a brazing 
paste or the like), or a soldering material (e.g., a soldering 
paste or the like). Although Figures 1-3 show the balls 
204 and the layers 206 of bonding material only partially 
filling the pockets 104 in the core 202, the present inven- 
tion encompasses the pockets 104 being filled with the 
balls 204 and the layers 206 of bonding material. Alter- 
natively, the antiballistic armor 100 may omit the layers 
206. In such an embodiment, the pockets 104 are sized 
such that the balls 204 may be held within the pockets 
104 by friction between the balls 204 and the pockets 104. 
[0018] The upper face sheet 106 may be made of any 
material that is capable of providing environmental pro- 
tection to the interior of the antiballistic armor 100 (e.g., 
the core 202, the balls 204, and the like), structural 
strength to the antiballistic armor 100, and/or properties 
to begin defeating an incoming projectile or round. In one 
embodiment, the upper face sheet 106 is made of titani- 
um or a titanium alloy and has a thickness of about six 
mm. As indicated above, the upper face sheet 106 is 
joined to the front surface 208 of the core 202 by the layer 
210 of abonding material. The bonding material may be 
an adhesive (e.g., an epoxy-based adhesive, a silicone- 
based adhesive, or the like), a brazing material (e.g., a 
brazing paste, a sheet of brazing material, or the like), or 
a soldering material (e.g., a soldering paste, a sheet of 
soldering material, or the like). 

[0019] The lower face sheet 212 may be made of any 
material that is capable of providing environmental pro- 
tection to the interior of the antiballistic armor 100, struc- 
tural strength to the antiballistic armor 100, and/or prop- 
erties to retain fragments resulting from the projectile or 
round impacting the antiballistic armor 100, e.g., a me- 
tallic material or composite laminate. In one embodiment, 
the lower face sheet 212 is made of titanium or a titanium 
alloy and has a thickness of about six mm. As indicated 
above, the lower face sheet 212 is joined to the back 
surface 214 of the core 202 by the layer 216 of a bonding 
material. The bonding material may be an adhesive (e.g., 
an epoxy-based adhesive, a silicone-based adhesive, or 
the like), a brazing material (e.g., a brazing paste, a sheet 
of brazing material, or the like), or a soldering material 
(e.g., a soldering paste, a sheet of soldering material, or 
the like). The layer 216 of a bonding material may be 
made of the same material as or different material than 
the layer 210 of abonding material. In one embodiment, 
the bonding material used in the layers 206 may be used 
to join the face sheets 106, 212 to the core 202. 

[0020] The antiballistic armor 100 provides a level of 
protection to a vehicle or the like (not shown) by inhibiting 
a projectile or round (not shown) fired toward the vehicle 
from entering the vehicle. The upper face sheet 106 
serves as an initial component in defeating the projectile 
or round by blunting and decreasing the velocity of the 
incoming projectile or round. Upon penetration of upper 
face sheet 106, the projectile or round strikes one or more 
of the balls 204, thus causing the projectile or round to 
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shatter and/or tumble. Contact of the projectile or round 
with the balls 204 further decreases the velocity of the 
projectile or round. The lower face sheet 212 inhibits de- 
bris resulting from the impact event from passing there- 
through and entering the vehicle. 

[0021] The antiballistic armor 100 may be applied to 
one or more exterior surfaces of an object (e.g., a vehicle 
or the like). Note that the antiballistic armor 100 is not 
limited to use with vehicles. The antiballistic armor 100 
may be used to armor virtually any object one desires to 
protect from a ballistic projectile. Alternatively, the anti- 
ballistic armor 100 may be integrated into the object's 
structure, such that the antiballistic armor 100 is used as 
a structural member of the object. 

[0022] While Figures 1-3 illustrate the antiballistic ar- 
mor 100 having two layers of balls 204, the antiballistic 
armor 100 may have only one layer of balls 204 or may 
have more than two layers of balls 204. In one embodi- 
ment, the antiballistic armor 100 has three layers of balls 
204. 

[0023] The antiballistic armor 100 provides a variety 
of advantages over conventional armor. Firstly, the anti- 
ballistic armor 100 provides a level of protection against 
a range of armor-piercing projectiles from about five mm 
through about 30 mm, as well as from normal small ca- 
liber rounds (e.g., rounds that are about 13 mm caliber 
or smaller). Further, the antiballistic armor 100 is light- 
weight, having a weight of less than 44 kg/m? in one 
embodiment. In addition, the antiballistic armor 100 is 
capable of arresting multiple strikes within the same gen- 
eral area. Yet further, the antiballistic armor 100 is more 
cost effective to produce as compared to conventional 
armor. Further, the antiballistic armor 100 is capable of 
being used as vehicle structure, thus reducing the overall 
additional weight added to the vehicle by armor. The an- 
tiballistic armor 100 is also capable of withstanding debris 
encountered by the vehicle during normal combat oper- 
ations, such as rocks, sand, shrapnel, and the like. 
[0024] Figures 4-9 illustrate a method of manufactur- 
ing the antiballistic armor 100 first shown in Figures 1-3. 
As shown in Figures 4 and 5, one or more portions of a 
core 402 are provided. If multiple portions of core 402 
are used, they are arranged in a one- or two-dimensional 
array. Further, multiple layers of the core 402 may be 
laminated together and placed between the upper and 
lower face sheets (e.g., the upper face sheet 106 and 
the lower face sheet 212, or the like) to form, for example, 
a face sheet/core/core/face sheet structure. Pockets 404 
are produced in the core 402 by drilling, boring, milling, 
or the like. In one embodiment, as described above and 
as shown in Figure 4 and Figure 5, the pockets 404 ex- 
tending from a front surface 406 of the core 402 are stag- 
gered relative to the pockets 404 extending from a back 
surface 408 of the core 402. 

[0025] Referring now to Figure 6, a bonding material 
602 is applied within each of the pockets 404 extending 
from the front surface 406 of the core 402. As discussed 
above, the bonding material 602 may be an adhesive 
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(e.g., an epoxy-based adhesive, a silicone-based adhe- 
sive, orthe like), abrazing material (e.g., abrazing paste 
orthelike), orasoldering material (e.g., asoldering paste 
orthe like). While Figure 6 illustrates the bonding material 
602 being applied via a nozzle 604, any method of ap- 
plying the bonding material 602 to the pockets 404 is 
within the scope of the present invention. Figure 7 illus- 
trates the core 402 with the bonding material 602 applied 
within each of the pockets 404 extending from the front 
surface 406 of the core 402. 

[0026] As illustrated in Figure 8, balls 802 are then in- 
serted into the pockets 404 extending from the front sur- 
face 406 of the core 402 such that the bonding material 
602 surrounds at least a portion of the balls 802. As an 
alternative to applying the bonding material 602 within 
the pockets 404, each of the balls 802 may be coated 
with the bonding material 602 prior to being inserted into 
the pockets 404. 

[0027] Figure 9 illustrates the joining of an upper face 
sheet 902 to the front surface 406 of the core 402. A layer 
904 of a bonding material is applied to the front surface 
406 of the core 402 and/or to the upper face sheet 902. 
The core 402 and the upper face sheet 902 are then 
assembled. 

[0028] The assembly 900 may now be turned over so 
that the back surface 408 of the core 402 may be ac- 
cessed. The pockets 404, extending from the back sur- 
face 408 of the core 402 are produced and the bonding 
material 602 is applied within the pockets 404. The balls 
802 are then insertedinto the pockets 404 extending from 
the back surface 408 of the core 402. A lower face sheet 
(e.g., the lower face sheet 212 or the like) is then assem- 
bled to the back surface 408 of the core 402. These steps 
may be performed as described above and illustrated in 
Figures 4-9. 

[0029] The present invention is not limited, however, 
to the method illustrated in Figures 4-9 and the corre- 
sponding description provided above. Rather, the anti- 
ballistic armor 100 may be manufactured by any method 
capable of producing the antiballistic armor 100. Further, 
the present invention is not limited to the procedures in 
the order provided above and illustrated in Figures 4-9. 
For example, all of the pockets 404 may be produced in 
the core 402 prior to any other procedure being per- 
formed. Further, depending upon the bonding material 
602 used to bond the balls 802 within the pockets 404, 
a heating cycle may be required before the upper face 
sheet 902 and the lower face sheet (e.g., the lower face 
sheet 212 or the like) are assembled to the core 402 to 
set the bonding material 602. Another heating cycle may 
be required to set one or both of the layers 904, 216, 210 
of bonding material. Setting these layers of bonding ma- 
terial means curing an adhesive or melting and solidifying 
a brazing or soldering material such that the elements in 
contact with the bonding material are bonded. 

[0030] Accordingly, in one embodiment, the antiballis- 
tic armor 100 may be completely assembled before any 
heating cycle to activate any of the bonding materials. In 
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another embodiment, one or more heating cycles may 
be desirable during the assembly of the antiballistic armor 
100 to activate various bonding materials used in the 
assembly. Alternatively, depending upon the bonding 
materials used, no heating cycle may be used. 

[0031] Further, in one embodiment, the pockets 404 
are sized such that the balls 802 may be press-fit into 
the pockets 404. In such an embodiment, application of 
the bonding material 602 may be omitted from the method 
of the present invention. 

[0032] The particular embodiments disclosed above 
areillustrative only, as the invention may be modified and 
practiced in different but eguivalent manners apparent 
to those skilled in the art having the benefit of the teach- 
ings herein. Furthermore, no limitations are intended to 
the details of construction or design herein shown, other 
than as described in the claims below. It is therefore ev- 
ident that the particular embodiments disclosed above 
may be altered or modified and all such variations are 
considered within the scope of the claims. In particular, 
every range of values (ofthe form, "from about ato about 
b," or, equivalently, "from approximately a to b," or, equiv- 
alently, "from approximately a-b") disclosed herein is to 
be understood as referring to the power set (the set of 
allsubsets) oftherespective range ofvalues, inthe sense 
of Georg Cantor. Accordingly, the protection sought here- 
in is as set forth in the claims below. 


Claims 


1. A method for producing an antiballistic armor, char- 
acterised in that the method includes the steps of: 


producing pockets (104) extending into a 
foamed, metallic core (202); 

attaching projectile impeding elements (204) 
within the pockets in the core to form a layer of 
the projectile impeding elements; 

joining a first face sheet (106) onto a first surface 
(208) of the core; and 

joining a second face sheet (212) onto a second 
surface (214) of the core. 


2. A method, according to claim 1, wherein producing 
the pockets in the core further comprises producing 
the pockets in the core by using a method selected 
from the group consisting of milling, drilling, and bor- 
ing. 


3. A method, according to claim 1, wherein attaching 
the projectile impeding elements within the pockets 
in the core further comprises: 


applying a bonding material within the pockets; 
and 

inserting the projectile impeding elements into 
the pockets such that the bonding material is 
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disposed between the projectile impeding ele- 
ments and the pockets. 


A method, according to claim 3, further comprising 
heating the bonding material. 


A method, according to claim 1, wherein attaching 
the projectile impeding elements within the pockets 
in the core further comprises: 


applying a bonding material to the projectile im- 
peding elements; and 

inserting the projectile impeding elements and 
the bonding material into the pockets. 


A method, according to claim 5, further comprising 
heating the bonding material. 


A method, according to claim 1, wherein joining the 
first face sheet onto the first surface of the core fur- 
ther comprises: 


applying a bonding material to at least one of 
the first face sheet and the first surface of the 
core; and 
assemblingthefirstfacesheetandthecoresuch 
that the bonding material is disposed between 
the first face sheet and the first surface of the 
core. 


A method, according to claim 7, further comprising 
heating the bonding material. 


A method, according to claim 1, wherein joining the 
second face sheet onto the second surface of the 
core further comprises: 


applying a bonding material to at least one of 
the second face sheet and the second surface 
ofthe core; and 

assembling the second face sheet and the core 
such that the bonding material is disposed be- 
tween the second face sheet and the second 
surface of the core. 


A method, according to claim 9, further comprising 
heating the bonding material. 


A method, according to claim 1, wherein producing 
pockets extending into the core further comprises 
producing pockets extending into the core from the 
first surface of the core. 


A method, according to claim 1, wherein producing 
pockets extending into the core further comprises 
producing pockets extending into the core from the 
first surface of the core and from the second surface 
of the core. 
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A method, according to claim 1, wherein attaching 
the projectile impeding elements within the pockets 
in the core further comprises pressing the projectile 
impeding elements into the pockets in the core. 


A method, according to claim 1, further comprising 
laminating a plurality of core portions to form the 
core. 


A method, according to claim 1, wherein joining the 
first face sheet onto the first surface of the core fur- 
ther comprises joining the first face sheet onto the 
first surface of the core using a process selected 
from the group consisting of adhesive bonding, braz- 
ing, soldering, welding, and diffusion bonding. 


An antiballistic armor, having a foamed core (202) 
having a first surface (208), a second surface (214), 
and a layer of projectile impeding elements (204) 
dispersed therein; 

a first face sheet (106) joined to the first surface of 
the core; and 

a second face sheet (212) joined to the second sur- 
face of the core, characterised in that the foamed 
core is a metallic foamed core. 


An antiballistic armor, according to claim 16, wherein 
the core comprises a material selected from the 
group consisting of an iron alloy, nickel, anickelalloy, 
aluminum, an aluminum alloy, titanium, and a titani- 
um alloy. 


An antiballistic armor, according to claim 16, wherein 
the core comprises a material selected from the 
group consisting of an open-celled foamed metallic 
material and a closed-cell foamed metallic material. 


An antiballistic armor, according to claim 16, wherein 
the core comprises a material having a pore count 
within a range of about four pores per linear centim- 
eter to about sixteen pores per linear centimeter. 


An antiballistic armor, according to claim 16, wherein 
the core comprises a material having a generally 
continuously connected reticulated geometry and 
having a duodecahedronal cell shape. 


An antiballistic armor, according to claim 16, wherein 
the core defines a plurality of pockets and wherein 
the projectile impeding elements are disposed within 
the plurality of pockets. 


An antiballistic armor, according to claim 16, wherein 
the projectile impeding elements comprise balls 
made of a material selected from the group consist- 
ing of silicon nitride, silicon carbide, boron nitride, 
and aluminum oxide. 
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An antiballistic armor, according to claim 16, further 
comprising abonding materialto attach the projectile 
impeding elements within the core. 


An antiballistic armor, according to claim 23, wherein 
the bonding material is selected from the group con- 
sisting of an adhesive, a brazing material, and a sol- 
dering material. 


An antiballistic armor, according to claim 23, wherein 
the bonding material is selected from the group con- 
sisting of an epoxy-based adhesive, a silicone- 
based adhesive, a brazing paste, and a soldering 
paste. 


An antiballistic armor, according to claim 16, wherein 
the projectile impeding elements are held within the 
pockets of the core by friction between the projectile 
impeding elements and the pockets of the core. 


An antiballistic armor, according to claim 16, wherein 
the first face sheet is made of a metallic material. 


An antiballistic armor, according to claim 16, wherein 
the first face sheet is made of a material selected 
from the group consisting of titanium and a titanium 
alloy. 


An antiballistic armor, according to claim 16, wherein 
the second face sheet is made of a material selected 
from the group consisting of a metallic material and 
a composite laminate. 


An antiballistic armor, according to claim 16, wherein 
the second face sheet is made of a material selected 
from the group consisting of titanium and a titanium 
alloy. 


An antiballistic armor, according to claim 16, wherein 
the first face sheet is joined to the first surface of the 
core and the second face sheet is joined to the sec- 
ond surface of the core by a material selected from 
the group consisting of an adhesive, a brazing ma- 
terial, and a soldering material. 


An antiballistic armor, according to claim 16, wherein 
the first face sheet is joined to the first surface of the 
core and the second face sheet is joined to the sec- 
ond surface of the core by a material selected from 
the group consisting of an epoxy-based adhesive, a 
silicone-based adhesive, a brazing paste, a brazing 
sheet, a soldering paste, and a soldering sheet. 


An antiballistic armor, according to claim 16, wherein 
the antiballistic armor is capable of being used as a 


structural member in an object. 


An antiballistic armor, according to claim 16, wherein 
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12 
the core further comprises a plurality of core portions. 


An antiballistic armor, according to claim 16, wherein 
the core further comprises a plurality of layers of the 
projectile impeding elements dispersed therein. 


An antiballistic armor, according to claim 16, wherein 
the first face sheet is joined to the first surface of the 
core and the second face sheet is joined to the sec- 
ond surface of the core by a method selected from 
the group consisting of adhesive bonding, brazing, 
soldering, diffusion bonding, and welding. 


An antiballistic armor, according to claim 16, wherein 
the core further comprises a plurality of laminated 
core portions. 


Patentanspriiche 


1. 


4. 


Ein Verfahren zur Herstellung einer Panzerung zur 
Abwehr von Geschossen, dadurch gekennzeich- 
net, dass dieses Verfahren die folgenden Schritte 
einschlieBt: 


Herstellen von Taschen (104), die in einen Kern 
(202) aus Metallschaum hineinreichen; 
Befestigen von Elementen zum Aufhalten von 
Projektilen (204) in den Taschen im Kern, um 
eine Schicht aus den Elementen zum Aufhalten 
von Projektilen zu bilden; 

Anbringen einer ersten Deckschicht (106) auf 
einer ersten Oberfläche (208) des Kerns; und 
Anbringen einer zweiten Deckschicht (212) auf 
einer zweiten Oberfläche (214) des Kerns. 


Ein Verfahren gemäß Anspruch 1, wobei das Her- 
stellen der Taschen in dem Kern des Weiteren das 
Herstellen der Taschen in dem Kern durch Verwen- 
dung eines Verfahrens ausgewählt aus der Gruppe 
bestehend aus Fräsen, Drillen und Bohren umfasst. 


Ein Verfahren gemäß Anspruch 1, wobei das Befe- 
stigen der Elemente zum Aufhalten von Projektilen 
in den Taschen im Kern des Weiteren Folgendes 
umfasst: 


Aufbringen eines verbindenden Materials im In- 
neren der Taschen; und 

Einbringen der Elemente zum Aufhalten von 
Projektilen in die Taschen, sodass das verbin- 
dende Material zwischen den Elementen zum 
Aufhalten von Projektilen und den Taschen an- 
geordnet ist. 


Ein Verfahren gemäß Anspruch 3, das des Weiteren 
Erhitzen des verbindenden Materials umfasst. 
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Ein Verfahren gemäß Anspruch 1, wobei das Befe- 
stigen der Elemente zum Aufhalten von Projektilen 
im Inneren der Taschen im Kern des Weiteren Fol- 
gendes umfasst: 


Aufbringen eines verbindenden Materials auf 
die Elemente zum Aufhalten von Projektilen; 
und 

Einbringen der Elemente zum Aufhalten von 
Projektilen und des verbindenden Materials in 
die Taschen. 


Ein Verfahren gemäß Anspruch 5, das des Weiteren 
Erhitzen des verbindenden Materials umfasst. 


Ein Verfahren gemäß Anspruch 1, wobei das An- 
bringen einer ersten Deckschicht auf eine erste 
Oberfläche des Kerns des Weiteren Folgendes um- 
fasst: 


Aufbringen eines verbindenden Materials auf 
wenigstens eine aus der ersten Deckschicht und 
der ersten Oberfläche des Kerns; und 
Anordnen der ersten Deckschicht und des 
Kerns, sodass sich das verbindende Material 
zwischen der ersten Deckschicht und der ersten 
Oberfläche des Kerns befindet. 


Ein Verfahren gemäß Anspruch 7, das des Weiteren 
Erhitzen des verbindenden Materials umfasst. 


Ein Verfahren gemäß Anspruch 1, wobei das An- 
bringen der zweiten Deckschicht auf der zweiten 
Oberfläche des Kerns des Weiteren Folgendes um- 
fasst: 


Aufbringen eines verbindenden Materials auf 
wenigstens eine aus der zweiten Deckschicht 
und der zweiten Oberfläche des Kerns; und 
Anordnen der zweiten Deckschicht und des 
Kerns, sodass sich das verbindende Material 
zwischen der zweiten Deckschicht und der zwei- 
ten Oberfläche des Kerns befindet. 


Ein Verfahren gemäß Anspruch 9, das des Weiteren 
Erhitzen des verbindenden Materials umfasst. 


Ein Verfahren gemäß Anspruch 1, wobei das Her- 
stellen der in den Kern hineinreichenden Taschen 
des Weiteren das Herstellen von Taschen, die von 
der ersten Oberfläche des Kerns in den Kern hinein- 
reichen, umfasst. 


Ein Verfahren gemäß Anspruch 1, wobei das Her- 
stellen der in den Kern hineinreichenden Taschen 
des Weiteren das Herstellen von Taschen, die von 
der ersten Oberfläche des Kerns und von der zwei- 
ten Oberfläche des Kerns in den Kern hineinreichen, 
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14 
umfasst. 


Ein Verfahren gemäß Anspruch 1, wobei das Befe- 
stigen der Elemente zum Aufhalten von Projektilen 
im Inneren der Taschen im Kern des Weiteren um- 
fasst, dass die Elemente zum Aufhalten von Projek- 
tilen in die Taschen in dem Kern gepresst werden. 


Ein Verfahren gemäß Anspruch 1, das des Weiteren 
das schichtweise Zusammenfügen einer Vielzahl 
von Kernteilen zur Bildung des Kerns umfasst. 


Ein Verfahren gemäß Anspruch 1, wobei das An- 
bringen der ersten Deckschicht auf der ersten Ober- 
fläche des Kerns des Weiteren Anbringen der ersten 
Deckschicht auf der ersten Oberfläche des Kerns 
unter Verwendungeines Verfahrens ausgewähltaus 
der Gruppe bestehend aus Aufkleben, Hartlöten, 
Weichlöten, Schweißen und Diffusionsschweißen 
umfasst. 


Eine Panzerung zur Abwehr von Geschossen, mit 
einem Schaumkern (202), der Folgendes umfasst: 


eine erste Oberfläche (208), eine zweite Ober- 
fläche (214) und eine Schicht mit darin verteilten 
Elementen zum Aufhalten von Projektilen (204); 
eine erste Deckschicht (106), die auf einer er- 
sten Oberfläche des Kerns angebracht ist; und 
eine zweite Deckschicht (212), die auf der zwei- 
ten Oberfläche des Kerns angebracht ist, 
dadurch gekennzeichnet, dass es sich bei 
dem Schaumkern um einen Kern aus Metall- 
schaum handelt. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei der Kern ein Material aus- 
gewählt aus der Gruppe bestehend aus einer Eisen- 
legierung, Nickel, einer Nickellegierung, Aluminium, 
einer Aluminiumlegierung, Titan und einer Titanle- 
gierung umfasst. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei der Kern ein Material aus- 
gewählt aus der Gruppe bestehend aus einem of- 
fenzelligen Metallschaum-Material und aus einem 
geschlossenzelligen Metallschaum-Material um- 
fasst. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei der Kern ein Material mit 
einer Porenanzahl in einem Bereich von ungefähr 
vier Poren pro linearem Zentimeter bis ungefähr 
sechzehn Poren pro linearem Zentimeter umfasst. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16. wobei der Kern ein Material um- 
fasst, das eine im Allgemeinen kontinuierlich verbun- 
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dene, vernetzte Anordnung aufweist und dessen 
Zellen die Form eines Dodekaeders aufweisen. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei der Kern eine Vielzahl an 
Taschen definiert und wobei die Elemente zum Auf- 
halten von Projektilen im Inneren der Vielzahl an Ta- 
schen angeordnet sind. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die Elemente zum Aufhal- 
ten von Projektilen Kugeln aus einem Material aus- 
gewählt aus der Gruppe bestehend aus Siliziumni- 
trid, Siliziumcarbid, Bornitrid und Aluminiumoxid um- 
fassen. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, die des Weiteren ein verbinden- 
des Material für die Befestigung der Elemente zum 
Aufhalten von Projektilen innerhalb des Kerns um- 
fasst. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 23, wobei das verbindende Material 
ausgewählt istaus der Gruppe bestehend aus einem 
Klebstoff, einem Hartlötmaterial und einem Weich- 
lötmaterial. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 23, wobei das verbindende Material 
ausgewählt wird aus der Gruppe bestehend aus ei- 
nem Klebstoff auf Epoxidharzbasis, einem Klebstoff 
auf Silikonbasis, einer Hartlötpaste und einer Weich- 
lötpaste. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die Elemente zum Aufhal- 
ten von Projektilen durch Reibung zwischen den Ele- 
menten zum Aufhalten von Projektilen und den Ta- 
schen des Kerns im Inneren der Taschen des Kerns 
gehalten werden. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die erste Deckschicht aus 
einem metallischen Material besteht. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die erste Deckschicht aus 
einem Material ausgewählt aus der Gruppe beste- 
hend aus Titan und einer Titanlegierung besteht. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die zweite Deckschicht aus 
einem Material ausgewählt aus der Gruppe beste- 
hend aus einem metallischen Material und einem 
Verbundwerkstoff besteht. 


Eine Panzerung zur Abwehr von Geschossen ge- 


20 


25 


30 


35 


40 


45 


50 


55 


EP 1 298 407 B1 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


16 


mäß Anspruch 16, wobei die zweite Deckschicht aus 
einem Material ausgewählt aus der Gruppe beste- 
hend aus Titan und einer Titanlegierung besteht. 


Ein Panzerung zur Abwehr von Geschossen gemäß 
Anspruch 16, wobei die erste Deckschicht auf der 
ersten Oberfläche des Kerns angebracht wird und 
die zweite Deckschicht auf der zweiten Oberfläche 
des Kerns angebracht wird, und zwar mittels eines 
Materials ausgewählt aus der Gruppe bestehend 
aus einem Klebstoff, einem Hartlötmaterial und ei- 
nem Weichlötmaterial. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die erste Deckschicht auf 
der ersten Oberfläche des Kerns angebracht wird 
und die zweite Deckschicht auf der zweiten Oberflä- 
che des Kerns angebracht wird, und zwar mittels ei- 
nes Materials ausgewählt aus der Gruppe beste- 
hend aus einem Klebstoff auf Epoxidharzbasis, ei- 
nem Klebstoff auf Silikonbasis, einer Hartlötpaste, 
einem Hartlötblech, einer Weichlötpaste und einem 
Weichlötblech. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die Panzerung zur Abwehr 
von Geschossen als Bauteil in einem Objekt verwen- 
det werden kann. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei der Kern des Weiteren eine 
Vielzahl an Kernteilen umfasst. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei der Kern des Weiteren eine 
Vielzahl an Schichten mit darin verteilten Elementen 
zum Aufhalten von Projektilen umfasst. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei die erste Deckschicht auf 
der ersten Oberfläche des Kerns angebracht wird 
und die zweite Deckschicht auf der zweiten Oberflä- 
che des Kerns angebracht wird, und zwar mittels ei- 
nes Verfahrens ausgewählt aus der Gruppe beste- 
hend aus Aufkleben, Hartlöten, Weichlöten, Diffusi- 
onsschweißen und Schweißen. 


Eine Panzerung zur Abwehr von Geschossen ge- 
mäß Anspruch 16, wobei der Kern des Weiteren eine 
Vielzahl an schichtweise zusammengefügten Kern- 
teilen umfasst. 


Revendications 


1. 


- Procédé de fabrication d'un blindage antibalistique, 
caractérisé par le fait que le procédé comprend 
les étapes consistant à : 
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- former des poches (104) s'étendant dans une 
äme métallique en mousse (202) ; 

- attacher des éléments (204) d’obstacle aux 
projectiles à l’intérieur des poches dans l'äme 
pour former une couche des éléments d’obsta- 
cle aux projectiles ; 

- assembler une premiere feuille de surface 
(106) sur une première surface (208) de l'âme ; 
et 

- assembler une seconde feuille de surface 
(212) sur une seconde surface (214) de l’äme. 


- Procédé selon la revendication 1, dans lequel la 
formation des poches dans 'äme comprend en outre 
la formation des poches dans l’äme à l’aide d'un pro- 
cédé choisi dans le groupe constitué par le fraisage, 
le perçage et le forage. 


- Procédé selon la revendication 1, dans lequel Popé- 
ration consistant à attacher les éléments d'obstacle 
aux projectiles à l'intérieur des poches dans l'âme 
comprend en outre : 


- "application d'une matière de liaison à Pinté- 
rieur des poches ; et 

- introduction des éléments d’obstacle aux pro- 
jectiles dans les poches de telle sorte que la 
matiere de liaison est disposée entre les élé- 
ments d'obstacle aux projectiles et les poches. 


- Procédé selon la revendication 3, comprenant en 
outre le chauffage de la matiere de liaison. 


- Procédé selon la revendication 1, dans lequel Popé- 
ration consistant à attacher les éléments d'obstacle 
aux projectiles à l'intérieur des poches dans l’âme 
comprend en outre : 


- application d'une matiére de liaison sur les 
éléments d'obstacle aux projectiles ; et 

- introduction des éléments d'obstacle aux pro- 
jectiles et de la matiere de liaison dans les po- 
ches. 


- Procédé selon la revendication 5, comprenant en 
outre le chauffage de la matiere de liaison. 


- Procédé selon la revendication 1, dans lequel las- 
semblage de la premiere feuille de surface sur la 
premiere surface de l'áme comprend en outre : 


- l'application d'une matière de liaison sur au 
moins l’une de la première feuille de surface et 
de la premiere surface de l’äme ; et 

- assemblage de la première feuille de surface 
etdel'äme de telle sorte que lamatiere de liaison 
est disposée entre la premiere feuille de surface 
et la premiere surface de l’äme. 
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- Procédé selon la revendication 7, comprenant en 
outre le chauffage de la matiere de liaison. 


- Procédé selon la revendication 1, dans lequel l’as- 
semblage de la seconde feuille de surface sur la se- 
conde surface de l'áme comprend en outre : 


- Papplication d'une matiere de liaison sur au 
moins |’ une de la seconde feuille de surface et 
de la seconde surface de l’äme ; et 

- l'assemblage de la seconde feuille de surface 
et de l'áme de telle sorte que la matière de liaison 
est disposée entre la seconde feuille de surface 
et la seconde surface de l'äme. 


- Procédé selon la revendication 9, comprenant en 
outre le chauffage de la matiere de liaison. 


- Procédé selon la revendication 1, dans lequel la 
formation de poches s'étendant dans l’äme com- 
prend en outre la formation de poches s'étendant 
dans l’äme à partir de la premiere surface de l’äme. 


- Procédé selon la revendication 1, dans lequel la 
formation de poches s'étendant dans l’äme com- 
prend en outre la formation de poches s'étendant 
dans l’äme à partir de la premiere surface de l'áme 
et à partir de la seconde surface de l’äme. 


- Procédé selon la revendication 1, dans lequel la 
fixation des éléments d'obstacle aux projectiles à l'in- 
terieur des poches dans l’äme comprend en outre la 
compression des éléments d’obstacle aux projecti- 
les dans les poches dans l'áme. 


- Procédé selon la revendication 1, comprenant en 
outre le feuilletage d’une pluralité de parties d’äme 
pour former, l'âme. 


- Procédé selon la revendication 1, dans lequel l’as- 
semblage de la premiére feuille de surface sur la 
premiere surface de l’âme comprend en outre l’as- 
semblage de la premiere feuille de surface sur la 
première surface de l’âme à l’aide d'un procédé choi- 
si dans le groupe constitué par la liaison par adhésif, 
le brasage fort, le brasage tendre, le soudage et la 
liaison par diffusion. 


- Blindage antibalistique, ayant : 


- une ame en mousse (202) ayant une premiére 
surface (208), une seconde surface (214) et une 
couche (204) d’éléments d’obstacle aux projec- 
tiles dispersés dans celle-ci ; 

- une premiere feuille de surface (106) réunie a 
la premiere surface de l’äme ; et 

- une seconde feuille de surface (212) réunie à 
la seconde surface de l’äme, 
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caractérisé par le fait que l'íme en mousse est 
une âme en mousse métallique. 


- Blindage antibalistique selon la revendication 16, 
dans lequel "âme comprend une matière choisie 
dans le groupe constitué par un alliage de fer, le 
nickel, un alliage de nickel, l'aluminium, un alliage 
d'aluminium, le titane et un alliage de titane. 


- Blindage antibalistique selon la revendication 16, 
dans lequel "âme comprend une matière choisie 
dans le groupe constitué par une matière métallique 
en mousse à cellules ouvertes et une matière mé- 
tallique en mousse à cellules fermées. 


- Blindage antibalistique selon la revendication 16, 
dans lequel l'âme comprend une matière ayant un 
comptage de pores se situant dans une plage allant 
d'environ quatre pores par centimètre linéaire à en- 
viron seize pores par centimètre linéaire. 


- Blindage antibalistique selon la revendication 16, 
dans lequel l'âme comprend une matière ayant une 
géométrie généralement réticulée, connectée en 
continu, et ayant une forme de cellule duodécaédri- 
que. 


- Blindage antibalistique selon la revendication 16, 
dans lequel l'âme définit une pluralité de poches et 
dans laquelle les éléments d’obstacle aux projectiles 
sont disposés à l’intérieur des différentes poches. 


- Blindage antibalistique selon la revendication 16, 
dans lequel les éléments d’obstacle aux projectiles 
comprennent des billes faites d’une matière choisie 
dans le groupe constitué par le nitrure de silicium, le 
carbure de silicium, le nitrure de bore etl'oxyde d'alu- 
minium. 


- Blindage antibalistique selon la revendication 16, 
comprenant en outre une matière de liaison pour at- 
tacher les éléments d'obstacle aux projectiles à l'in- 
térieur de l'áme. 


- Blindage antibalistique selon la revendication 23, 
dans lequel la matiére de liaison est choisie dans le 
groupe constitué par un adhésif, une matiére de 
brasage fort et une matiére de brasage tendre. 


- Blindage antibalistique selon la revendication 23, 
dans lequel la matiére de liaison est choisie dans le 
groupe constitué par un adhésif a base époxy, un 
adhésif à base silicone, une páte de brasage fort et 
une páte de brasage tendre. 


- Blindage antibalistique selon la revendication 16, 
dans lequel les éléments d'obstacle aux projectiles 
sont maintenus à l’intérieur des poches de l'áme par 
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frottement entre les éléments d'obstacle aux projec- 
tiles et les poches de l'äme. 


- Blindage antibalistique selon la revendication 16, 
dans lequel la premiere feuille de surface est faite 
d'une matiére métallique. 


- Blindage antibalistique selon la revendication 16, 
dans lequel la premiere feuille de surface est faite 
d'une matiére choisie dans le groupe constitué par 
le titane et un alliage de titane. 


- Blindage antibalistique selon la revendication 16, 
dans lequel la seconde feuille de surface est faite 
d'une matiére choisie dans le groupe constitué par 
une matiére métallique et un stratifié composite. 


- Blindage antibalistique selon la revendication 16, 
dans lequel la seconde feuille de surface est faite 
d'une matiére choisie dans le groupe constitué par 
le titane et un alliage de titane. 


- Blindage antibalistique selon la revendication 16, 
dans lequel la premiére feuille de surface est réunie 
à la premiere surface de l’âme et la seconde feuille 
de surface est réunie à la seconde surface de l'áme 
par une matiére choisie dans le groupe constitué par 
un adhésif, une matiére de brasage fort et une ma- 
tiere de brasage tendre. 


- Blindage antibalistique selon la revendication 16, 
dans lequel la premiére feuille de surface est réunie 
a la premiere surface de l'áme et la seconde feuille 
de surface est réunie à la seconde surface de l'áme 
par une matière choisie dans le groupe constitué par 
un adhésif à base époxy, un adhésif à base silicone, 
une päte de brasage fort, une feuille de brasage fort, 
une päte de brasage tendre et une feuille de brasage 
tendre. 


- Blindage antibalistique selon la revendication 16, 
dans lequel le blindage antibalistique est apte à être 
utilisé en tant qu'élément structural dans un objet. 


- Blindage antibalistique selon la revendication 16, 
dans lequel l'âme comprend en outre une pluralité 
de parties d’äme. 


- Blindage antibalistique selon la revendication 16, 
dans lequel l'âme comprend en outre une pluralité 
de couches des éléments d’obstacle aux projectiles 
dispersés dans celles-ci. 


- Blindage antibalistique selon la revendication 16, 
dans lequel la première feuille de surface est réunie 
à la première surface de l’äme et la seconde feuille 
de surface est réunie à la seconde surface de 'äme 
par un procédé choisi dans le groupe constitué par 
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la liaison par adhésif, le brasage fort, le brasage ten- 
dre, la liaison par diffusion et le soudage. 


37. - Blindage antibalistique selon la revendication 16, 
dans lequel ’äme comprend en outre une pluralité 
de parties d'âme feuilletées. 
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